Replicating and extending an earlier study, this study tested the prediction from the Broen and Storms theory that under certain conditions schizophrenics will display an arousal-produced decrement at the training stimulus on a generalization gradient. Acute schizophrenics (A 7 = 14) and nonschizophrenics (N = 10) were taught to press a lever to the left when a large square was projected and to the right for a small square. These squares and six graded squares of intermediate size were presented during test trials, while subjects gripped a dynamometer at zero, one sixth, and one third of maximum tension. Heart rate and skin conductance were recorded. As predicted, schizophrenics showed a significant decrement at the training stimulus under onethird maximum tension but no decrement at the most remote generalization stimulus with the same dominant response. Nonschizophrenics showed no decrement at any stimuli. Heart rate but not skin conductance showed a significant increase with increased muscle tension in both groups.
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In a theory proposed by Broen and Storms (Broen & Storms, 1966; Storms & Broen, 1969) , schizophrenics are considered to have response strength ceilings lower than those of nonschizophrenics. For nonschizophrenics, arousal increases would increase all response strengths in a hierarchy of response strengths and thus would maintain the dominance of the response learned to a training stimulus. For schizophrenics, the lower ceiling might limit the strength of the dominant response. When this occurs, further arousal increases would raise only the strengths of other responses in the hierarchy, leading to competition with the dominant response. In a stimulus generalization situation, the strength of the response learned to the training stimulus is greater than the generalized strength of that response to other stimuli. Therefore, arousal would bring the strength of the response at the training stimulus to ceiling before the response strength at any other stimulus. Thus, decrement resulting from increased response competition would occur first at the training stimulus. In an experiment by Broen, Storms, and Goldberg (1963) , it was found, as predicted, that the strongest dyna-1 This study was supported by a grant from the National Association for Mental Health.
2 Requests for reprints should be sent to Lowell H. Storms, Department of Psychiatry, School of Medicine, University of California, San Diego, P.O. Box 109, La Jolla, California 92037. mometer tension not only produced a significant decrement in responding at the training stimulus but also a significant increment at the most remote generalization stimulus where the same response was dominant. The present study was designed to replicate and extend these findings with several improvements in design. Rather than using only psychiatric outpatients with high scores on the Minnesota Multiphasic Personality Inventory (MMPI) Schizophrenia scale as subjects, in the present study carefully diagnosed schizophrenic inpatients were compared with carefully diagnosed nonschizophrenic inpatients. The subjects were also more fully informed regarding the stimuli and the reward contingencies during their test trials. Measures of heart rate and skin conductance were obtained as indexes of possible arousal increases associated with dynamometer tension.
It was hypothesized that a decrement in responding to the training stimuli would occur at muscle tension levels which produce no decrement in responding to the most remote generalization stimuli for which the same response is correct and that the decrement at the training stimuli would be greater for schizophrenic than nonschizophrenic inpatients.
METHOD Subjects
The experimental group (schizophrenic) consisted of 7 male and 7 female psychiatric in-204 patients with a diagnosis of acute schizophrenia by at least two psychiatrists. The subtypes included 8 acute undifferentiated, 4 paranoid, 1 catatonic, and 1 schizo-affective type. The control group (nonschizophrenic) consisted of 10 nonschizophrenic and nonpsychotic psychiatric patients (4 males and 6 females). The distribution of diagnoses was 7 severe depressions, 2 obsessive-compulsive neuroses, and 1 anxiety reaction.
All experimental subjects met the following criteria: (a) diagnosis of acute schizophrenia; (6) MMPI Goldberg Index (Goldberg, 1965) above 60 (this index is designed to differentiate psychotic from neurotic patients); (c) no evidence of below average intelligence; (d) between ages 18 and 45; (e~) current psychiatric hospitalization and hospitalization in past two years totaling no more than six months and psychiatric hospitalization further back than two years totaling no more than one year; (/) no evidence of organic brain damage; (g) no immediate drug or alcohol toxicity.
Further identification of the two groups follows: (a) mean age: schizophrenics, 23.6 years; nonschizophrenics, 26.1 years; (6) mean education: schizophrenics, 12.5 years; nonschizophrenics, 13.6 years; (c) mean hospitalization time: schizophrenics, 26.1 days; nonschizophrenics, 17.5 days; (d) percentage of first admissions: schizophrenics, 78%; nonschizophrenics, 70%; (e) mean MMPI Goldberg Index: schizophrenics, 76.4; nonschizophrenics, 41.3. All but one of the schizophrenic subjects were receiving antipsychotic medications (primarily phenothiazines) in contrast to only one of the nonschizophrenic subjects; three nonschizophrenic subjects were receiving Valium and one an antidepressant. Since phenothiazines tend to normalize the performance of schizophrenics, the prevalence of such medications in the schizophrenic group would probably go against our hypothesis, making the predicted findings more difficult to obtain.
Apparatus
The equipment used was similar to that used by Broen et al. (1963) . The subject sat facing a screen 32 inches from him with his face resting on an open rubber face mask.
The stimuli were eight flat black squares varying in size from 17/32 inch to 24/32 inch in 1/32-inch increments. They were projected onto the screen from outside the experimental room for one second with a 2\ seconds off-interval.
The response apparatus was a left-right lever. Moving the lever to the right while the smallest square (17/32 inch) was presented, or to the left while the largest square. (24/32 inch) was presented, activated a green lamp mounted on the lever box. To maximize task clarity, labels were also attached to the top of the lever box indicating "large-left" and "small-right."
The experimental arousal variable was muscle tension induced by the subject maintaining a handgrip with his favored hand on a Stoelting hand dynamometer. Since the one-half maximum grip pressure used by Broen et al. (1963) was found to be too painful and difficult to maintain for the two-minute, 20-second duration of an experimental condition, one-third maximum pressure was used to induce high muscle tension. Consistent with the Broen et al. study, it was expected that intermediate tension, which consisted of one-sixth maximum pressure, would produce no performance decrements.
While the Broen et al. (1963) study assumed but did not measure physiological arousal states for the three muscle tension conditions, this study used a Beckman eight-channel polygraph to record changes in heart rate and skin conductance induced by muscle tension.
Procedure
Each subject was first seated, the six electrodes taped onto him, and the electrode leads fastened to the terminal box. He was then asked to grip the dynamometer as hard as he could for periods of just a few seconds. The highest level of grip pressure reached was used as his maximum grip pressure.
For the training trials the subject was told to move the lever to the left for a large square and to the right for a small square. The smallest and largest stimuli were then presented an equal number of times in random order for 16 learning trials. The learning criterion was set at 14 correct responses. Most subjects passed the first series of 16 trials, and all passed by the second series.
After a five-minute break, each subject was shown a chart displaying all eight sizes of squares as they would appear on the screen during the test trials. Instructions were given to press the lever to the left for the four largest squares and to the right for the four smallest.
According to whether the condition was zero, one-sixth, or one-third maximum tension, subjects were told to keep the favored hand loosely on the dynamometer handle or to keep a buzzer from sounding (see Broen et al., 1963) with the contact set at one-sixth or one-third maximum tension. Each subject received all three tension conditions in an order counterbalanced across subjects. Thus, an effort was made to clarify explicitly to the subject what he was to be doing in contrast to the guesswork involved in the Broen et al. study.
RESULTS
The eight stimulus squares in this experiment were considered as four main types, S T , Sj, S 2 , and S 3 . Each stimulus type represented two stimuli that were symmetrical points on the stimulus continuum. For example, correct response for S T would be either a lever press to the right for the smallest square or a lever press to the left for the largest square. The correct response thus trained was the dominant response.
For the schizophrenic group, the mean numbers of response errors to the training stimulus (S T ) and to the three stimulus types (Sj, S 2 , and S 3 ) are given in Table 1 . The maximum number of errors or of correct responses to any stimulus type was 10. Since errors only were considered for analysis, it can be seen from the A -0 column in Table 1 that the correct response was most dominant for S T with less dominance moving in expected order from Si to S 3 .
The performances of schizophrenic and nonschizophrenic groups were compared in a repeated-measures three-way analysis of variance. Difference score t tests were performed for the schizophrenic group to test the effects of different levels of increased arousal for S T and S 3 . As hypothesized, there was a significant decrement in dominant response at S T under A = 1/3 as compared to A = 0 (t = 2.88, df = 13, p < .01). There was also significant decrement of the dominant response at S T under A = 1/3 compared to A = 1/6 (i = 1.86, df=13, p < .05, one-tailed test). Although approaching significance at the .05 level, the improved dominant response at S 3 under A = 1/6 was nonsignificant compared to A = 0.
For the nonschizophrenic group the mean number of response errors for the training stimulus (S T ) and the three stimulus types (Si, S 2 , and S s ) over which the correct response is expected to be dominant under three conditions of arousal are given in Table 1 . In sharp contrast to the schizophrenic group, the mean numbers of errors are generally unchanged for any given stimulus type over the three arousal conditions. No significant differences were found for error scores at S T or 83 when these stimulus types were compared at the different arousal conditions. There was no significant decrement in dominant response at S T under A = 1/3, and in fact there was a slight facilitation compared with A = 0.
Physiological Results
There were only a few significant findings for the many concomitant physiological measures taken for both the schizophrenic and nonschizophrenic groups. On the heart rate measures, the data for tonic levels provided evidence that both the schizophrenic and nonschizophrenic groups were physiologically aroused in significant increments which paralleled the one-sixth and one-third increased dynamometer grip pressures. A repeated measures three-way ANOVA was performed on the difference values between heart rate tonic levels taken during the three arousal conditions and heart rate tonic levels taken during rest periods which preceded a given condition. This ANOVA revealed that the heart rate tonic level difference values differed significantly over the three conditions (F = 4.95, df = 2/24, p < .05) but not between the two groups. The arousal condition A = 0 showed the least heart rate increment, A = 1/6 showed a medium increment, and A = 1/3 showed the most. The randomized order followed in presenting the three conditions did not have a significant effect on the heart rate measures nor on any of the other physiological measures. Tonic skin conductance was not influenced by muscle tension conditions.
DISCUSSION
This study successfully replicated the findings of the Broen et al. (1963) study that with induced muscle tension schizophrenics showed a decrement in performance at the training stimulus but not at the most remote generalization stimulus at which the same response was dominant. In addition, while the previous study used only outpatients with high MMPI scores who might have been schizophrenics or borderline schizophrenics, the present study extended the findings to inpatients who were fairly clearly schizophrenic. The addition of a nonschizophrenic psychiatric inpatient control group in the present study showed that the results with schizophrenics were probably not due to general psychiatric disturbance, since the controls showed no decrement associated with muscle tension. The arousalproduced decrement appears to be specific to schizophrenics.
The authors view dynamometer tension as having both a distracting effect which decreases correct responding and an arousal-producing effect which increases correct responding for a dominant response not limited by a response strength ceiling. For nonschizophrenics, whose response strength to the training stimulus is not limited by response strength ceiling, these two effects of dynamometer tension would have opposing effects on performance of dominant responses. Arousal would tend to increase correct responding while distraction would tend to decrease it. On the other hand, for the schizophrenics, when the ceiling limits the dominant response, as at the training stimulus, arousal would lead to decreased responding, which would add to the decrease produced by distraction. Thus the difference between the schizophrenics and the nonschizophrenic patients is quite understandable in terms of a response strength ceiling hypothesis, since response ceilings are considered to be lower for schizophrenics. At generalization stimuli, since response strengths are lower, the ceiling would have little influence and the arousal and distracting effects of dynamometer tension should cancel out for schizophrenics and nonschizophrenics alike; and, indeed, there were no significant effects of dynamometer tension for either group.
